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INDIAN SUMMER AND PLIMSOLL’'S MARK.

By Wirtiam GarpNER REED.

[Dated: Washington, D. C., Nov. 22, 1916.]

Prof. C. Fitzhugh Talman has directed attention to the
use of the term *‘Indian sumumer” in connection with the
load line marked on British ships (“Plimsoll’s Mark”).!
The following is quoted from the regulations of the Drit-
ish Board of Trade regarding load lnes:*

3. . . . Maximum load lines shall be as follows, and the upper edge
of such lines shall respectively indicate:

For fresh water.—The maximum depth to which the vessel can be
loaded in fresh water, .

For Indian summer.—The maximum depth to which the vessel can
be loaded for voyages during the fine season in the Indian scas,
between the limits of Suez and Singapore.

For summer.—The maximum depth to which the vessel can be loaded
for voyages (other than Indian summer voyages) from Eurogean
and Medgietemnea.n ports between the months of April and Sep-
tember, both inclusive, and as to voyages in other parts of the
world (other than Indian summer voyages) the maximum depth
to which the vessel can be loaded during the corresponding or
recognized summer months.

For winter.—The maximum depth to which the vessel can be loaded for
voyages (other than Indian summer voyages and summer voyages)
from European and Mediterranean ports between the mouths of
QOctober and March, bothinclusive, and as to voyages in other parts
of the world the maximum depth to which the vessel can be loaded
during the corresponding or recognized winter months.

For winter (North Atlantic).—The maximum depth to which the vessel
can be loaded for voyages to, or from, the Mediterranean, or any
European port, from, or to, ports in British North America, or
Eastern ports in the United States, North of Cape Hatteras, be-
tween the months of October and March, both inclusive.

Such maximum load lines shall he distinguished by initial letters
congpicuously marked oplposit-e such horizontal lines as aforesaid, such
initial letters being as follows:

F. W.—Fresh water.

I. S.—Indian summer.
S.—Summer.

W.—Winter.

W. N. A.—Winter, North Atlantic.

4. The upperedge of the horizontal line passing through the centre of
the disk shall always indicate the maximum summer load line in salt
water. The relative positious of the upper edges of the other lines to
be used in connrection with the dise, with the upper edge of the line
passing through the center of the dise (the maximum summer load line),
will be indicated in the certificate of approval. * * *

6. Steamships shall be marked on both sides with such of the hori-
zontal lines as aforesaid as are applicable to the nature of their em-
ployment, and sailing ships shall be marked on both sides with such of
the above-mentioned lines, in addition to the horizontal line passing
through the center of the disc, as indicate the maximum load line
for fresh water and for North Atlantic winter, but sailing ships engaged
solely in the coasting trade shall only be marked, in addition to the
horizontal line passing through the center of the dise, with the line
indicating the maximum load line in fresh water. * * %

8. The position of the disc and the horizontal line passing through
its center, as also the lines to be used in counection with the disc,
are shown in the following diagrams [see plate opposite].

The form of application for marking steamers contains
the statement: ‘‘The vessel is (is not) intended to he
employed in the Indian Ocean.” In the form of the
certificate of approval are the following clauses:

a) * * * the centre of such disc is placed
inches Lelow the deck line. * * %

) * * * the position of the lines to be used in connection with
the disc ghall be as follows:
* *

feet

* * #*

“l Tal;gan, C. F. Indion Summer. MONTHLY WEATHER REVIEW, January, 1915,
1 4415,

2 Great Britain, Board of Trade ( Marine Department). Statutory rules and orders,
1898, no. 3. Merchant shigping. Prevention of aceidents. l.oad line, KRegnlations,
dated Jan. 12, 1899, made by the Board of Trade, under the Merchant Shipping Act,
1894 (57 and 58 Vict. ¢. 60) [London, January, 15991,
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Maximum load-line in Indian summer.—The upper edge of this
line is feet inches above the horizontal line passing
through the center of the disc.

* +* * * *

. The freeboard for Indian summer applies to voyages in the fine season
in the Indian seas hetween the limits of Suez and Singapore.

The photograph (fig. 2) shows the load-line mark on

the starboard of the British stcamship Dramatist, of Liv-
erpool, at San Pedro, Cal., October 14, 19186.
The Imperial German Insurance Office in Hamburg
oproved similar regulations for German ships in 1908.
e load-line marking does not include a line for “ Indian
Summer”’, but the certificates contain the following
statement:

Auf Grund dieser Vorschriften ist die Berechnung des Freihords
obigen Dampfers vom Germanischen Lloyd ausgefiihrt, und sind

folgende Resultate ermittelt worden:
* * * * *

Abzug vom Freibord im Indischen und Stillen Ozean wihrend der
guten Jahreszeit Meter.
* * * * *

Fir Fahrten im Indischen und Stillen Ozean darf das Schiff im
Sommer in Seewasser bhis zu ciner Ladelinje Meter iber der
Oberkante der Marke 8 [Sommer] heladen werden.?

The recognition of the ‘“fine season’ as the time
betweon October and April is shown by the following
quotation from a marine 1nsurance policy on cotton from

ndia written in London, December 31, 1868.

[The rate is to he] 50 shillings per cent. [The insurers are] to return
9/6% for sailing hetween 20th October and 20th April.*

a
T

WEATHER INSUBANCE.

By WiLrLiaM GARDNER REED.
[Dated: U. 8. Office of Farm Management, Sept. 19, 1916.]

INTRODUCTION.

The chance of unfavorable weather conditions has
always been regarded as a risk the farmer must assume,
and it is obvious that no farm business can be per-
manently successful if the profits in favorable years are
not more than sufficient to offset the losses from frost,
drought, and flood. When farming is regarded as a
business it is clear that the cost of such losses should be
carried as an annual charge against the farm business?
because it is of exactly the same nature as fire insurance
and de})reciation of buildings and machinery. That a
successful plan for insurance against unfavorable weather
has not hitherto been devised is the result of the apparent
capriciousness of the weather and also of the fact that
weather conditions are generally widespread, e. g., when
unusually late Spring or early Fall frosts occur they are
apt to be country wide. This prevents the application
(»F the fire insurance theory that country-wide distribu-
tion of risks will permit the payment of losses, even of
great losses like the Baltimore and the San Francisco

3 The oflicial translation by the British Board of Trade is as follows:
““The (reehoard of the above steamer has Leen calculated by the Germanie Lloyd on
the bas;s of the regulatior;s referred to, and =|t{.he following resuLts have been obta*ined:

Deduction from freeboard in the Indian and Pacific Oceans during the fine sea-
son meters.
- * " * *

For voyages in the Indian and Pacific Oceans the vessel may he loaded in sea water in
Summer up to a load-line meters above the upper cdge of the mark 8.”

See Great Britain, Board of Trade (Marine Department), Circular 1465—Official.
Instructions to surveyors. Load Line—German Ships. London. March, 1909,

1 Plimsoll, 8. Our seamen. London, 1873, P 23,

18ee, for example, “ Farm Insurance™ in U. S. Dept. Agriculture, Weekly News
Letter, Oct. 4, 1916, v. 4,n0. 9, p. 7.
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fires, from the premiums paid in other parts of the
country. Furthermore, until recently it has not been
possible to analyze climatic data in such a manner as to
permit the determination of the risk involved with crops
at different times. For example, the manner in which
frosts occur is now known, and therefore it is possible to
calculate the proper annual charge to be made against a
crop to cover the risk of frost daniage? In a like manner
the frequency with which any unfavorable weather will
occur in the long run may be caleulated from the Weather
Bureau records; but thus far the Burcau has not com-
piled and made available the data that may be required
to form a basis for every kind of weather insurance.
Much of this data is probably comprised within the
original records; but a serious effort to evaluate weather
insurance risks may create a demand for data not yet
collected.
The distribution of risk.

It should be clearly noted than any insurance is simply
a device to distribute the risk over so wide a field that the
law of chance may operate as a certainty. Accidental
occurrences tend to balance one another in the large
and, therefore, insurance companies are not subject to
the calamaties which would destroy an individual.
Insurance against any happening whatever is practicable
if the event has been under observation long enough to
show the frequency with which it tends to occur.

Inasmuch as the only function of insurance is to bal-
ance accidental happenings against each other to elimin-
ate their effect in individual cases, it is obvious that the
total cost of properly computed premiums can not be
less than the total losses which will occur. Moreover,
the premiums must be large enough to carry the cost of
doing business. Therefore, the cost of any insurance is
somewhat greater than the losses insured against. The
advantage of insurance lies in the fact that under scien-
tific rates and properly distributed risks accidental hap-
penings do not occur from the point of view of the
company and do occur from that of the policyholder.

For this reason, corporations with widely distributed
properties—e. g., railroads—customarily earry their own
msurance, depositing with their insurance departments
each year money sufficient to cover the annual propor-
tion of the losses experienced in the long run. As there
are no charges for advertising or soliciting and only
minor charges for adjustment of losses, such corporations
can obtain entirely adequate insurance at a lower cost.
It is obvious, however, that this is safe only for the
larger businesses operating over very wide areas.

Tornado and hail insurance.

Weather insurance of a kind is by no means unknown.?
Of course, marine insurance has always included losses
from the ““ perils of the sea’ * in which the weather hazard

2 Reed, W. . & Tolley, H. R. Weather as a business risk jn farming. Geog. Rev.,
New York, July, 1916.  2:48-53. Abstract in Mo. WEATHER REv., Washington, June,
19016, 44:354-355, .

sdeo Internationsl Institute of Agriculture: Miscellaneous information relating to
ingurance and provident institutions in various countries. Intern. rev. of agric. econ.
Rome, 1916, 67:56-81. . L . .

44 Perils of the sce are risks peculiarly ineident to navigation and partienlarly from
wind or weather, the state of the ocean, and rocks or shores. Against dangers of this
class the carrier does not insure the shipper.” (Century Diectionary and Cyclopedia.
New York, The Century Company, 1911, 7: 4398.) . i .

“The words [perils qf the sea] obviously emhrace all kinds of marine casualties, such
as shipwreck, foundering, stranding, &c.: as also every species of damage done 1o the
ship or goods by the violent and immediate action of the wind aud waves, as distinet
from that included in the ordinary wear and tear of the voyage, or directly referable
tothe acts and negligence of the assired as its proximate cause.’”  (Arnould, J. [Treatise]
on the law of marine insurance, 8 ed., Ii. L. de Ilart and R, I. Simey, editors. London,
Stevens and Sons, 1909. p. 956.) . L .

“The term perils of the zeas refers only to fortnitons aceidents or cosualties of the seas.
It does not include the ordinary action of the winds and waves.”” (Rule 7 *‘for the
construction of .ébéLloyd‘s 8. G.] policy ... under ... [*The Marine Insurance Aect,
1906.’),” ibid. p. 1596.)
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is of prime importance, and marine insurance is in a
large measure insurance against the possible results of
dangerous weather. Window and plate glass insurance
also involves the risk of breakage by wind and hail, as
well as loss due to the entry of rain through broken win-
dows. Hail insurance is common in parts of Europe and
has reccived considerable attention in the central United
States and Canada. As carried on here, it is the insur-
ance of a given piece of land for a definite amount of
money, usually $6 to $10 per acre west of the Mississippi
River, with the possibility of somewhat larger amounts
further east. The data on which these rates are based
are not known to the writer and the Weather Bureau is
not yet prepared to state whether the rates are excessive
or inadequate.

The payments ure made on the hasis of the per cent of
damage done to the crop; for oxample, if a particular
acre is insured for $5 against damage by hail, after a hail-
storm the number of plaits in a hundred feet of row are
counted and the percentage of plants damaged is deter-
miuned; this is done in several parts of the field, and pay-
ment is made on the basis of the average of these counts,
If the average is 50 per cent damaged, payment on the
acre would be $4.  Hail insurance premiums range from
S or 10 per cent in the western part of the High Plains
fo 4 per cent or loss with more liberal policies farther
cast. In Michigan a Stute-wide company writes hail
insurance which is not definitely assigned to a particular
acre, but may bue applied to damage done anywhere on
the farm. In the Dakotas and western Canada, how-
ever, the companies require that the particular acres to
which the insurance applies be speciied. Mutual hail
insurance companies are said to oporate successfully with
State-wide risks, but not with risks contined to single
counties, Such companies generally collect premiums
basod on the per cont of losses from hail in past yearss
closing the business at the end of each season in the case
of the mutual companies with a dividend or an assess-
ment to make payments balance the losses, Mutual hail
pelicies usually carry a clause permitting the assessment
of an amount in addition to the premium equal to the
premium paid. For example, if the rate was 6 per cent,
an additional 6 per cent or any part of it might be assessed
in case of losses heavier than expeeted or a portion re-
turned if the amount collected for premiums was in
excess of the losses and the cost of deing business.  Com-
panies insuring erops against hail generally operate inde-
pendently of other companies. It addition to insurance
against damage to crops, hail insurance is also written to
cover damage to plate and window glass,

Tornado insurance is common in parts of the United
States and Canada, specially in the Middle West. Such
insurance generally includes all types of damage done to
buildings by violent winds. It is usually written in
connection with fire insurance, although in Canada at
least one company writes a combined hail and windstorm
policy. The rates vary from about half those charged for
fire insurance on the same huildings in the Great Plains
region to less than a quarter farther east. Tornado in-

5 Asanexamy:le of ther
far hail insurance on growi

s and elasses of risks in uctual practice, the follov ing ** Rates
rrain crops [in eastern Canada]’ may he gquoted:

* Rates per $100 of insuraiice for $2, 83, §1 i, 37, 85, 89, or §10 per acre: First class,
< second &4, th .5, 85 fourth $4,

R 05" letermined us follows:

“Fi —W here hail has not injured or destroyed the crops growing on any part

1 ® .

of the land to he Jesiribed In the application fur insurance in the 10 growing seasons last
past.
t sxeeand elags.—Where Ll has injured or \lectroyed the crops growing on any part
of the land % #* * only ance in 10 growing seasons last past.

s Phird class—Where huil has injured or destroyed the crops growing on any part
oftheland = * * only twice in the 10 growing ons lazt past.

“ Fourth lass.—Where hail has injured or destraoyed the crops growing on any part
of theland * * * only threetimes in the 10 growing seasons last past.”

These rates are cited as examples; the Weather Burean does not indorse them.
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surance has been carried on successfully by mutual
companies having State-wide risks, but has not heen
practicable for companies having only county-wide risks,
although fire insurance companies are in successful
operation within the limits of many single counties.

Practically all fire insurance policies recognize lightning
as a probable cause of fire. All these types of weather
insurance, however, are based on the faet that these
phenomena are relatively so rare that they may be re-
arded as accidental at any particular locality, although
it is recognized that they are more frequent in some
places than in others and the rates vary as lllfn.s been noted
to allow for this difference in frequency. Dut such
variation in rates rests on a rather indefinite mathematical
basis. The following statement by the eminent French
meteorologist Angot® is of interest in this connection
as showing present conditions in muech more densely
populated France:

It will he very important to have numerous exact ohservations on
the falls of hail in France. At the present time the availalle stations
do not enable us to draw charts showing the distrilwution of hail. that
are sufliciently detailed to be valuable. 1 pointed out thisinsutliciency
more than 10 years ago in studying the storms of 1903, and I have
shown that in order to make a complete study of the distrilution of
hail over a small Department like the Rhone, it would he necessary to
have from 280 to 300 stations uniformly distributed. A large Depart-
ment like the Gironde or the Dordogne would need alout 1,000 stations.
These numbers suffice to show the difficulties of the problem,

Only the very infrequent occurrence of the piienomenon
makes such insurance possible.

The following statement also may be worth con-
sidering:

Anyone who examines the results obtained both by the large mutual
gocieties and by the companies with fixed premiums will be struck by
the fluctuations to which both groups are subject.

In 1894, a very favorable year, the net profits rose for both classes
to 3,000,000 francs, and the reserve funds to not less than 7.000,000,
But in 1897, a bad year, the losses were 1,630,000 francs and the total
amount of the reserve funds was about 8.500,000 francs. There was,
};herefore, in the interval of three years, a difference of nearly 8,000,000

TANCs.

This comparison of figures is alone sufficient to show the difficulties
encountered by hail insurance societies in establishing scientific
combinations and reasonable tariffs. It is certain that these questions
have not yet been definitely decided, and thefr will remain a subject
for technical consideration until a scientific solution has been arrived
at, as only by the investigation of the laws of storms and cyclones can a
means of eflicacious protection be found against them.

In fact there are no hail insurance tariffs, but some cantons or com-
munes have a splendid system of payments according to their situation,
to the exposure of the land, and to the frequency of hailstorms.

The rates are fixed either in accordance with the nature of the in-
sured crops and the frequency of losses in a given period or by contract,
according to the amount assured. . .

(International Institute of Agriculture, monthly bulletin of economic
and social intelligence, No. 9, October, 1913.33: 41-42.)

“ Lloyd's.”

Another kind of weather insurance is that written by
the London **Lloyd's.”” This, however, is mucl in the
nature of race-track bookmaking.® The chance of any
event whatever happening or not happening can be
insured at Lloyd’s by anyone who is willing to pay the
premium; but because of the fact that the ouly real

¢ MONTHLY WEATHER REVIEW, March, 1014, 42 167, L

7’An insurance company in Canwla, is licensed to write “‘insurance against injury to
property caused by cyclones, tornadoes, windstorms, frost or hail, except with respect
to propery in transit on water,” but its f)usmess cunsists in Jurge part of h:l;ll insurance.
(See Canads, Superintendent of insurance, Report for 1915, Ottawa, 1016, vol. 1 (In-
surance companies other than life), pp. xxxi, clxix, and elxxvi.) . .

This company has apparently written only tornudo (windstorm) and hall dncluding
plate and window glass damago) insurance; its circulars state that rates on frost and
forms of policies for Insurance against irost damage will be furnished shortly. X

3 This statement is not to be interpreted us derogatory tu Lloyd's business. which
is entirely legitimate; the rates are determined by competition und in the light of all
the information collected by an intelligence system superior to any the world hus ever
known.
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security of Lloyd’s is its immense resources and the wide
distribution of its risks over the whole range of insurance
and over the whole world as a field® the premiums are
much higher than they would he if the chances of occur-
rence were accurately computed.!® It is customary to
insure outdoor events against the occurrence of rain and
the premiums are fixed largely on a general knowledge
of the frequency of rainy days.

Frequency distributions.

The fundamental mathematical basis of all scientifie
insurance is the frequency distribution. A study of
sufficiently extensive data makes it possible to prediet
how the events will occur in the long run and the wide
distribution of risks makes accidental happenings offset
one another. The basis of life insurance 1= the life table
of the actuary, and similar tables are available for fire
insurance.

The characteristic distributions of meteorological phe-
nomena have not been studied until recently, because any
individual record is too short to furnish the required
number of data. Modern statistical methods, however,
afford a means of handling these records in the mass and
of obtaining results within usable limits of error.!

The frequency distributions of Spring and Fall frosts
in the United States have been studied,™ and the chance
of killing frost after any date in Spring or before any date
i Fall can be dotermined so accurately that the lack of
agreement between caleulated and actual occurrences at
569 stations with records varying from 59 to 15 years in
length is only about 50 eases in 27,000, or less than 0.2
per cent.

Although the characteristic frequency distribution to-
ward which meteorclogical phenomena tend is not neces-
sarily the same for all phenomena, the records now avail-
able permit the arrangement of these data so that the
frequencics can be determined. In the United States
the compilation of the data and the study of frequencies
has been comprehensive only for frost ; preliminary studies
of temperature and rainfall data indicate that their re-
gpective frequencies also may be determined to a useful
degree of accuracy.

The Law of Ghance.

All insurance is based on the well-known fact that
when a suflicicutly large number of happeuings are con-
sidered there are no accidental occurrences.  Any group-
ing of special cases in one place or at one time will be
bulanced by a complementary grouping in another place
or at another time, The grouping toward which the dis-
tribution of the phenomenon tends is a smooth curve
when the number of cases is infinite. Studies by various
muthematical statisticians have shown that even with as
few as 500 occurrences the accidental irregularities tend
to balance oue another and hence may usually be neg-

9 Seg Martin, F.: « Parlinmentary inquiry into marine insurance™ in History of
Lloyd's and of marine insurance in Great Britain, pp. 229-252. Macmillan, London,
18715,

1o However, the practice at Lloyd's of underwriting risks in parts (*‘lines”) until
the whole is covered and the competition resulting [rom the active trading tends to
keep the premiums aslow aspussible.  Butthe main point stands—thistype of insurance
at Lloyd’s rests on no secure mathematical basis except the compensation of large num-
bers, immense resources, and widely distrilnited risks.

1 British Mvelcorolngical Qflice. 'The eomputer's handbook (M, 0. 223-Oficial), Sec-
tion 3: Computations related to the theory of probubiiities.

1. Corless, R, Errors of observations and variations due to aceidental causes
with un application to errors of meuns and normals.
2. Dinex, W. H. The practieal application of statistical methods to meteor-

Lomlun. 1915,

olozy.
Frankliz, 1. 3. 5t
12 Reed, W, Q. & Tlllltg. . K.
New York, July, 1914, 2: 48-53.
354-365.

s, Science, Augnst 4, 1916 (N. 8.) #4: 158-162.
eather as o business risk in farming,  Geogr. rev.,
Abstract in Mo, \WWEATHER REvV., June, 1916, 443

istical physie
1
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lected. This fact is fundamental to all determinations
of insurance rates, because no insurance cmnpany is car-
rying risks which even approach infinity. If more than
a very moderate number of well-distributed risks were
necessary to eliminate the accidental, insurance would be
far less useful than it is. In weather insurance it is essen-
tial only that the risks be so arranged that the rare cou-
ditions, even if country wide, will not operate to disturb
the financial equilibrium of the company. A study of
569 long records at Weather Bureau stations has shown
that there were no unexpected frosts at 414 of the 569
stations (73 per cent) when frost was prodicted on the
basis of the 10 per cent hazard:; and not more than oue
such frost during the entire record at 94 per cent of the
stations.”® This is not limited to frost conditions but is
found to be general in all studics dealing with chanee.
When once the form of the frequency curve has been
adequately ascertained, a number of cases, small when
conisdered from a statistival standpoint, although per-
haps large humanly speaking, is sufficient to insure that
accidental happenings will so far balance one another
that insurance is as safe as if the number of risks were
infinite.
Weather and crops.

The control of erops by the weather is obvious and well
known. However, weather alone is not responsible for
good or poor yields; there are other factors among which
the ability and industry of the farmer are of great impor-
tance. Weather may be looked upon as a fundamental
control, and the necessity of having the right temperature
and the right precipitation at the critical times has been
clearly shown.* Favorable weather even with good soil
conditions, excellent cultural methods, and ubsence of
insect and other pests does not nccessarily mean high
prices, although the yields may be large.’® Returns from
agricultural produection are to a very large extent depend-
ent upon the relation of supply to demand. ‘Thercfore,
when high yiclds are genera.]l prices tend to be low.

But good yields can not be obtained without favorable
weather unless some method of preventing dumage by
the unfavorable weather is adopted (e. g., frost protee-
tion). Therefore, a prime requisite of good returns from
agriculture is fuvorable weather; because the fact that
prices are high is of little importance to a farmer without
a crop to scll. In general favorable weather conditions
mean good yields, and prosperity gencrally follows
favorable weather.'®

The farm business and the weather hazard.

Farm management investigations consider farming
from the point of view of the farm as a business unit.
When the farm is the unit, the question of high or low
yields of particular crops is far from the only thing to be
taken into acecount. The selection of the crops hest
suited to the region from both climatic and economie
points of view hus to be considered. This includes the
proper arrangement of rotations, the size of the farm, and
many other items. It also includes the determination of
the proper charges against the farm for interest on the

18 Spillman, W.J., Tdlcy, H. R., & Reed, W, G
application to meteorological phenamena. Mo,

14 Sanith, J. Warrea. The effect of wanther ot the yviell of coru.
February, 1914, 42 : 75-02,

The effect of weather upon the yield of potatoes. Mo. WEATHER REV., May, 1915,
43 : 222-236. . ;

1 Sir John Lawes’ oid maxim “High furming is no cure for low prices,™ is still true.
See Hull, 4. D. Agriculture after the war. Landon, John Murray, 1916, p. 105,

16 Claylon, H. H. 'The influence of rainfall on commerce and politics. Pop. sei. mo..
New York, December, 1901, 60: 153-165.
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investment in land, buildings, and equipment, deprecia-
tion on buildings and machinery, insurance, and taxes;
that is, the whole range of charges which go to make up
the cost of doing business and which must be added to
the product as **burden™ if the business is to be success-
ful. Fire insurance has always been regarded as a neces-
sary charge against the farm. Insurance against un-
favorable weather has, however, not been carried as such
although losses from unfavorable weather are common.
This does not mean that the cost of unfavorable weather
has not been ineluded in the ** burden ™ assessed against the
crops.  Heretofore this has been carried mainly in two
ways, the attempt to carry the hazard by a large enough
profit and loss account or the depreciation of land value
to a point where the interest charge will be low enough
to permit the cipital account to carry the hazard,
Needless to say, neither method can be regarded as cor-
rect, because the cost of earrying the risk is not accurately
determined and the operation of the many other factors
prevents the unimpeded operation of the weather
hazard."”

Therefore, although the farm business can not escape
the burden of the weather hazard, the charge for this
risk is now unevenly borne. The adequate determination
of the chance of unfavorable weather and the proper
distribution of the risk by insurance would make it possi-
ble to charge the farm business with the correct insur-
ance \)remium and to substitute a definite charge for
an indefinite and expensive hazard.

Weather Insurance Premiums.

Aside from accidental occurrences, the risk of which
must be distributed by the operation of the law of large
numbers, it iz enfirely practicable for the individual
farmer to carry his own insurance. For example, he
may decide to plant his crop at such a time that the
chance of safety from spring frost is 9 in 10, that is at
a date after which the caleulations show the occurrence
of killing frost in only 10 years in 100, or 1 in 10 in the
long run. If he could be reasonably sure that any
given 10 years would follow the average conditions, he
would be justified in laying aside one-tenth of the sum
he will probably lose in the one unfavorable year. The
date on which the chance of killing frost falls to 10 per
cent has been determined for over 500 places in the
United States. These places arc so distributed that a
fairly close approximation of the date for almost any
place in the country can be determined. A farmer
whose loss from an unexpected spring frost would be,
say, %1,000 in any one year might plant his erop at the
date of 10 per cent risk and put $100 in a savings bank
cach year. The interest resu}ting from this investment
may be disregarded for the sake of simplicity. At some
time during the 10-year period he wi].)l lose a crop b
spring frost and will then need his $1,000. If this
occurs in the tenth year, he will have his money to draw
from the bank. If it occurs before the tenth year he
will have part of the money available, but he will have
to borrow the rest, to be repaid at the rate of $100 a
year. But at such a time there will be other losses in
the neighborhood and money will be hard to obtain.
In addition to this even a casual study of the elimatic
data shows that no single 10-yvear period is likely to fulfill
the average conditions, so that while the farm husiness
might well afford to carry the risk on the basis of 10
such losses in a century, these losses will almost cer-

17 Sce for example E. J. Russell in Nature, London, Aug. 3, 1916, 97 5 460,
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tainly be so grouped that an individual farmer could
not do so without bankruptcy.

The climatic data show clearly that the chance of frost
may be determined with considerable accuracy. An in-
surance company operating over a field wide enough to
eliminate the possibility of bankruptcy on account of
simultaneous losses in a whole country or large section of
a country would be able to arrange such insuranec even if
the farmer discountinued his policy when a loss was paid.
A company whose operations were contined even to the
United States would probably be under the necessity of
writing its policies in the form of long time contracts
under which premiums would be paid each year and the
face value paid when the losses occurred. The premiums
would continue through the period of the contract with-
out regard to payments on account of frost occurrence.
The period covered by the policy should be equal to that
of the average interval between losses—10 years for losses
under a 10-per cent risk, 20 years for losses under a 5-per
cent risk, ete.

In order to test the practicability of such insurance the
frost records of Kansas and Ohio have been analyzed.
The numerical data and figures presented are not final
values on which insurance may be based; but they in-
dicate the kind of data and approximate values to be
derived from existing observational records. It has been
assumed that each cooperative station in these States,
reporting to the Weather Bureau, was insured for $1,000
in 1906 under a 10-year contract. The premium was
assumed at $100 per year and the value of the policy
($1,000) was to be paid whenever a killing frost in Spring
oceurred on or after a date stated in the policy; this date
is 4 days (about the average probable error) later than
the date of 10 per cent chance of killing frost.”®* The net
results of this insurance appear from Table 1.

The gross profit from the insurance is mainly the result
of the 4-day margin of safety. This, together with the
interest on the premiums, is probably suflicient to cover
the cost of doing business and to provide a small reserve
to increase the securvity. If the reserve hecomes too
large or too small, the dates should be recalculated with
the aid of the constantly accumulating new climatie data,
and if it appears to be the result of a peculiar combina-
tion of years, the reserve should bhe held against the future.
If, however, it appears that the condition is the result of
a margin of safety too large or too small, the margin
should be changed to fit the actual conditions.

TABLE 1.— Net results of the imaginary insurance project compuded us un
exumple for Kansas and Ohio, 1904,

Frenijunt : “l..':",','i.'."'
pay- | Luses _““‘r'_m,,.,
ment.:, ! | :ll(-'éuhnll,h
: | .
1
- .
.......... |' F100, 002
|2, (uw)
Hoow | 1,700
.......... PR B 8114
: |
5,900 | 22,000
5,400 | 33,000 49,700
.......... eveneeneel 45,600

8 Spillman, W.J., Tolley, H. R., & Reed, W, G.

‘The average-inierval curve and its
application to nmeteorological phenomena. MONTHLY WEATHER REVIEW, April, 1915,
443 197-200,

Reed, W, . The probahle growing season. MoNTHLY WEATHER REVIEW, Septem-
ber 1916, 442 509-312.
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TABLE 1.—Net results of the imaginary insurance project computed as an
example for Kansas and Ohio, 1906—Continued.

Premium L R:’:g"
pay- 0S5es. s
ments. ggm?g
1908,
4,900 None.
o[ 85,200 | $1,000 [ $10,300
Balance. ..o i e 58, 900
1900,
L2 L 5, 000 None.
None. 11,300
70,200
. 10,300
§0, 500
5,000 None
5,400 None. | 11,300
.................... 91, 800
5, 000 7, 000
5,40 1,000 | 3.300
.................... 45, 100
L L
Kansas......... 3,30
RBalance 08,100
Olijo 5,900 None.
Kan 5, 400 3, 000 8,300
............................................................... 108, 700
Ohio.
Kansas. 6,300
Balance 113, 000

When compared with fire insurance the premiums neec-
essary arc large.  This is beeause of the difference in the
character of the risk. The chance of the loss of any
given huilding by fire is 1 in 300 or 400, while the chance
of killing frost after the date named in the poliey is 1
in 10,

Practicable insurance against frost is not limited to a
10 per cent risk.  Table 2 indicates in a general way the
relative range of premiums payable for a policy of $1,000
for a pluce where the average date of last killing frost in
Spring is April 15 and the standard deviation of spring
frost dutes i1s 11.7 days.

TasrLu 2.—Type of rate schedule. Fited payment for loss.

Rates peir 31000 on Spriny frost when average Jdate is Apr. 15 and standard deviation
of last killing frust is 11.7 «days.]

Relative
annual
premium

per $1,000

Face of policy—Payuable if killing [rost nceurs on or after—

Apr.

May
1

Adjustments lor local topography should operate to increase premium for valley bot-
toias, ete. anid to Jdecrease premiums for hillsides.



580

TaBLE 3.—Type of payment schedule. Fixed premium.

[Amounts payable for $10 annual premijum, when average date Fall frost is Oct. 15
and standard deviation of first killing frost is 12 duys.]

The rela-
tive pay-

When killing frost occurs Lefore—
ment is—

Adjustments should Ie made for local topography. 1lillsides should be given higher
payments, valley hottoms lower payments than those shown,

Table 3 is of similar character for insurance computed
in another manner. Here the premium is fixed and the
amounts payable if frost occurs hefore specified dates in
the Fall 1s stated. Iach method can be emploved for
either Spring or Fall frost. Although the n})plicn.tion to
Spring frost, of the method indicated by Table 3, requires
the adoption of a business procedure such as the payment
of no losses until after Jull_v and no policies written after
some date in the early Spring; for example, the average
date of last killing frost.

These illustrations show only two of the many possible
methods of frost insurance. The frequency distribution
of the critical frost dates has been studied in enough de-
tail to enable determinations of the chance of frost at
any time to be made for rearly all the agricultural regions
of the United States,

Although other phenomena do not show the same fre-

uency distributions as critical frost dates, the distribu-
tions for many of these phencmena have heen partially
investigated and the mathematical studies already com-
pleted indicate that the chance of any weather condition
at all can be determined with more or less accuracy.
Therefore practicable insurance against any unfavorable
weather depends solely upon the determination of the
hazard and a sufficient number of properly distributed
risks.

It may prove possible after weather insurance compa-
nies have become well established to write insurance on
the basis of crop damage not to exceed the face of the

olicy. It is not yet practicable to insure a farmeor to
Kave a good crop heecause of the fact that the value of the
crop depends on o many causes other than the weather,
im({ insurance of the crop against weather damage rather
than insurance against the faet of unfavorable weather
will put the better farmers at a disadvantage unless a
sutis}uctor adjustment for the personal and moral ele-
ments c:m{e determined.

CONCLUSION.

The farmer has always recognized that thie chance of
loss must be taken into account and that the returns in
favorable years must carry the losses from unfavorable
years. The farm business must be operated with a large
enough profit and loss margin to cover these losses. The
farmer has attempted to cover the risk of luss by

v diversi-
fication and by the selection of planting dates latce enough
for the chance of frost to be small. The date in each
region has been determined by custom and these dates
are those determined by the farmers of the region who
have not suffered from loss by frost often enough to be-
come bankrupt. These dates of planting rest on an em-
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pirical basis as u result of experience. A statistical deter-
mination of the risk involved at various times wili show
how far custom is the result of actual conditions in the
region and how far other factors——ec. g., tradition—have
influenced the dates.

When the risk of loss from unfavorable weather is aceu-
rately determined and the erop of each year carries its
{)l'upcr portion of this risk, especially if the risks are wide-
v distributed by insurance, bankruptey as a result of
unseasonable weatler is transferred from the class of
calumitios to that of avoidable losses. In all cases when
the chance of loss can be computed in a very large num-
ber of eases insurance is the proper method of eliminating
the chance of accidental grouping of unfavorable oceur-
rences from bearing too heavily upon the individual.
Tierefore, the distribution of the risk of crop damage
from any condition for which the risk ¢an be computed
is a legitimate field for insurance, 1t is clear that weather
hazard can be so determined in many instances and that
insurance against the oceurrence of killing frost or any
unfavorable weather condition may be arranged not as a
gambling operation between the farmer and the msur-
ance company but on a sound business basis,

When such insurance has become well established it
will be applicable in o mueh wider field than the simple
distribution of the risk of the individual farmer. For
example, the insurance rate quoted on a farm will give
the purchaser information which will assist him in a de-
termination of the just value; the country banker and
storekeeper will be able to insure themselves so that the
depression resulting from poor crops will not bear too
heavily at any one time: and weather insurance in con-
neciion with farm loans may well become as general as
fire insurance with loans on bhuildings and goods or life
insurance with personal notes.  Thefact that the weather
hazurd is coming into the satme class as the fire hazard
in that it may be oflset by o fixed charge makes possinle
another <tep in the series of farin management studies
which is developing the business side of ﬁlrming from a
phrase to a reality,

WHAT IS A “GEOCOL"?

In the Ruview for July, 1914, page 393, was reprinted
an article on the rainfall of New South Wales, wherein
was employed the geographical term “geocol” when
deseribing the influence of Australia’s topography on the
rainfull of New South Wales.  “Geoeol” is not defined
in the Iatest of vur large dictienaries, and as the feature
Is un interesting one the text of the original definition is
quoted.!

If the stereogram (or relief map) of New South Wales be examined,
itisseen * * * that the main divide is constituted of three well-
defined land masses weparated by cols on a gigantic scale. For these
the term Geuenl iz suegested (analogous to (ieosyncline) to differentiate
}:l_llelse important positive land forms from the ordinary col between two
hills,

Concerning the etymology of this word, Taylor has
elsewhere ? stated:

“Gieorol™ i admittedly a hybrid word of the same form as peneplain.
The prefix geo- is added in the same sense as in geosyncline and
geanticline.

Y Tuglor, Grifith. A eorrelation of contour und climate. Proe., Linnean soe. New
South Wales, Sydney, 1906, 315517,

2 Taglor, Griffith. Physiograply of eastern Anstralia. [Melbourne, 1911.] p. 13,
fwotnote. (Australin, Bur, Met’y., Bull. no, 8. 4°.)




